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each pair of two adjacent pixels within an inputimage (1),
based on the first evaluation values respectively corre-
sponding to the two adjacent pixels, a second evaluation
value which indicates a likelihood that the two adjacent
pixels represent a contour is calculated. Based on the
second evaluation value, a connection cost between a
plurality of nodes respectively representing each pair of
the two adjacent pixels within the input image (l) is set.
The plurality of nodes are connected to each other based
on the connection cost, to thereby extract the specific
region (RA) from the input image (1).
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Description
BACKGROUND OF THE INVENTION
Technical Field

[0001] The present invention relates to an image
processing device, an image processing method, and an
image processing program for extracting a specific region
based on the density values of pixels in an input image.

Background Art

[0002] Hitherto, in the medical field, processing for ex-
tracting and displaying a specific region such as a lesion
region or an internal organ region within a medical image
has been being executed in order to provide an image
exhibiting high diagnostic performance.

[0003] In Non Patent Literature 1, it is recommended
that the long diameter of a lesion region and the longest
distance in a direction orthogonal to the long diameter
be used as an index for determining a deteriorating sit-
uation of a disease and treatment effect in treatment of
atumor. Inrecent years, in order to accurately determine
the treatment effect of a disease, there is also a demand
to evaluate the size of a specific region such as a tumor
region with more accuracy, and as disclosed in Non Pat-
ent Literature 2, there is also proposed a method using
an area or a volume of a lesion region as an index for
determining the treatment effect of a disease.

[0004] As a method of extracting the specific region
within the image, as disclosed in Patent Literature 1 or
the like, there is a method involving causing a user to
designate an arbitrary point in the lesion region within
the medical image, setting a discrimination region with
reference to the designated point, and evaluating wheth-
er each pixel in the region is a pixel indicating a contour
of the lesion region, to determine the contour of the lesion
region based on evaluation results. Here, it is evaluated
whether each pixel is a pixel indicating the contour based
on an evaluation function found in advance by conducting
machine learning using a large number of sample images
including lesion regions whose contours are known.

[Citation List]
[Patent Literature]
[0005]

[PTL 1] Japanese Unexamined Patent Application
No. 2007-307358 [Non Patent Literature]

[NPL 1] P. Therasse et al., "New Guidelines to Eval-
uate the Response to Treatment in Solid Tumors",
Journal of the National Cancer Institute, Vol. 92, No.
3, pp. 205-216, 2000

[NPL 2] S. Iwano et al., "Semi-automatic Volumetric
Measurement of Lung Cancer Using Multi-detector

10

15

20

25

30

35

40

45

50

55

CT: Effects of Nodule Characteristics", Academic
Radiology, Vol. 16, No. 10, pp. 1179-1186, 2009

SUMMARY OF INVENTION

[0006] However, with the method disclosed in Patent
Literature 1, a specific region is extracted by using a ma-
chine learning result of a sample image based on an ar-
bitrary point designated in a specific region within a med-
ical image, and hence it is necessary to use the machine
learning result of a suitable sample image corresponding
to the kind of the specific region in order to extract the
specific region with high precision. Therefore, there is
demanded a technology for precisely extracting various
kinds of specific regions having mutually different density
values, shapes, sizes, or the like without depending on
the kind of the machine learning result of such a sample
image.

[0007] In view of the above-mentioned problem, it is
an object of the present invention to provide an image
processing device, an image processing method, and an
image processing program, which are capable of extract-
ing a specific region from an input image with high pre-
cision.

[0008] Inordertoachieve the above-mentioned object,
an image processing device according to one embodi-
ment of the present invention includes: a long diameter
setting unit for setting a long diameter of a specific region
within an input image containing the specific region; a
region setting unit for setting, based on the set long di-
ameter, a first region estimated as highly probable to be
the specific region within the input image and a second
region estimated as highly probable to be a region other
than the specific region within the input image; an eval-
uation unit for calculating a first histogram, which is a
density histogram of a density value of each pixel in the
first region, and a second histogram, which is a density
histogram of a density value of each pixel in the second
region, calculating, for each density value, a first evalu-
ation value which indicates alikelihood that the each den-
sity value represents the specific region based on the
first histogram and the second histogram, and calculat-
ing, for each pair of two adjacent pixels within the input
image, a second evaluation value which indicates a like-
lihood of being a contour, which is a likelihood that the
two adjacent pixels represent the contour, based on the
first evaluation values respectively corresponding to the
density values of the two adjacent pixels; and a specific
region extracting unit for extracting the specific region by
defining a first reference node belonging to the specific
region, a second reference node belonging to the back-
ground region, and a plurality of nodes representing re-
spective pixels within the input image, setting a connec-
tion cost indicating how likely the respective nodes are
to be connected to each other based on the second eval-
uation value, and connecting the plurality of nodes to
each other based on the set connection cost.

[0009] An image processing method to be executed
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by the image processing device according to one em-
bodiment of the present invention includes: a long diam-
eter setting step of setting a long diameter of a specific
region within an input image containing the specific re-
gion; a region setting step of setting, based on the set
long diameter, a first region estimated as highly probable
to be the specific region within the input image and a
second region estimated as highly probable to be aregion
other than the specific region within the input image; an
evaluation step of calculating a first histogram, which is
a density histogram of a density value of each pixel in
the first region, and a second histogram, which is a den-
sity histogram of a density value of each pixel in the sec-
ond region, calculating, for each density value, a first
evaluation value which indicates a likelihood that the
each density value represents the specific region based
on the first histogram and the second histogram, and
calculating, for each pair of two adjacent pixels within the
input image, a second evaluation value which indicates
a likelihood of being a contour, which is a likelihood that
the two adjacent pixels represent the contour, based on
the first evaluation values respectively corresponding to
the density values of the two adjacent pixels; and a spe-
cific region extracting step of extracting the specific re-
gion by defining a first reference node belonging to the
specific region, a second reference node belonging to a
background region, and a plurality of nodes representing
respective pixels within the input image, setting a con-
nection cost indicating how likely the respective nodes
are to be connected to each other based on the second
evaluation value, and connecting the plurality of nodes
to each other based on the set connection cost.

[0010] The image processing program according to
one embodiment of the present invention causes a com-
puter to execute the above-mentioned method.

[0011] In the image processing device according to
one embodiment of the present invention, any input im-
age that includes one or more specific regions may be
used. For example, the input image may be a medical
image acquired by imaging a subject by an arbitrary mo-
dality such as PET, CT, MRI, SPECT, or ultrasound im-
aging, and the specific region may be a region indicating
an abnormal shadow region such as a lesion or a tumor.
[0012] Further,inthe image processing device accord-
ing to one embodiment of the present invention, the
above-mentioned "long diameter of a specific region”
may be any diameter that is recognized as roughly rep-
resenting the long diameter of the specific region. For
example, the "long diameter of the specific region” in-
cludes a diameter that is not strictly the same as the long-
estdiameter of the specific region as long as the diameter
is set based on information for identifying the long diam-
eter, which is input on the input image by a user who has
judged the diameter as the long diameter of the specific
region.

[0013] Further,inthe image processing device accord-
ing to one embodiment of the present invention, the
meaning of "two adjacent pixels" in the above encom-
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passes not only two pixels that are directly next to each
other but also two pixels the distance between which is
so short relative to the size of the input image that the
pixels can be deemed as being adjacent to each other.
[0014] Further, the above-mentioned "first region" may
be a region having any size and shape as long as the
region is estimated as highly probable to be the specific
region based on the above-mentioned "long diameter of
the specific region". Further, any estimation method ca-
pable of determining the probability of being the specific
region may be employed. Note that, the position of the
"first region" may be set to an arbitrary position within the
inputimage as long as the position is estimated as highly
probable to be the specific region. Further, the "first re-
gion" may be formed of one region or may be formed of
a plurality of regions.

[0015] For example, it is preferred that the first region
be set as a region contained in an elliptical region whose
long diameter is the set long diameter. Further, in this
case, the "region contained in an elliptical region whose
long diameter is the set long diameter" may be such an
entire elliptical region that the entirety of the set long di-
ameter is set as the long diameter of the elliptical region
or may be a partial region of the elliptical region.

[0016] The above-mentioned "second region" may be
aregion having any size and shape as long as the region
is estimated as highly probable to be the background
region other than the specific region based on the above-
mentioned "long diameter of the specific region". Further,
any estimation method capable of determining the prob-
ability of being the region other than the specific region
may be employed. Note that, the position of the "second
region" may be set to an arbitrary position within the input
image as long as the position is estimated as highly prob-
able to be the region other than the specific region. Fur-
ther, the "second region" may be formed of one region
or may be formed of a plurality of regions.

[0017] For example, itis preferred that the second re-
gion be set as a region of a given shape located outside
a circle whose diameter is the set long diameter. Note
that, the "region of a given shape" referred to here can
be set as the region having the arbitrary shape as long
as the region has a given area that allows the region to
be located outside the circle whose diameter is the set
long diameter. For example, the region may be a ring-
shaped region extending with a given width outside the
circle whose diameter is the set long diameter, or a po-
lygonal region such as a rectangle located outside the
circle whose diameter is the set long diameter.

[0018] The above-mentioned "first evaluation value"
may be a value defined by an arbitrary method based on
the first histogram and the second histogram as long as
the value indicates the likelihood that each density value
represents the specific region for each density value. For
example, the first evaluation value may represent a log-
arithmic value of a ratio of the frequency value in the
second histogram to the frequency value in the first his-
togram for each density value, and the first evaluation
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value may also represent a difference between the fre-
quency value in the first histogram and the frequency
value in the second histogram for each density value.
[0019] The above-mentioned "second evaluation val-
ue" may be a value defined by an arbitrary method based
on the first evaluation values respectively corresponding
to the density values of the two adjacent pixels as long
as the value represents the likelihood of being the con-
tour, which is the likelihood that the two adjacent pixels
represent the contour for each pixel within the input im-
age. For example, it is preferred that the second evalu-
ation value be calculated such that the likelihood of being
the contour becomes higher as the difference between
the first evaluation values respectively corresponding to
the two adjacent pixels becomes larger.

[0020] Further,intheimage processing device accord-
ing to one embodiment of the present invention, it is pos-
sible to employ an arbitrary method in which the specific
region extracting unit extracts the specific region by de-
fining the first reference node belonging to the specific
region, the second reference node belonging to the back-
ground region, and the plurality of nodes representing
the respective pixels within the input image, setting the
connection cost indicating how likely the respective
nodes are to be connected to each other based on the
second evaluation value, and connecting the plurality of
nodes to each other based on the connection cost. For
example, it is possible to extract the specific region by
defining the input image by the first reference node be-
longing to the specific region, the second reference node
belongingto the background region, the plurality of nodes
indicating the respective pixels, and an edge connecting
the respective nodes, expressing the input image as a
graph, minimizing the connection cost of the graph by
minimizing a given evaluation function representing a to-
tal sum of the connection costs of the respective nodes
within the graph by use of graph cut, and dividing the
graphinto the specific region and the background region.
Note that, an arbitrary evaluation function applicable to
the graph cut can be used as the given evaluation func-
tion.

[0021] Further, the phrase "setting a connection cost
indicating how likely the respective nodes are to be con-
nected to each other based on the second evaluation
value" in the above means that at least some connection
costs selected from the group consisting of a connection
cost that indicates how likely the first reference node is
to be connected to the nodes that represent pixels, a
connection cost that indicates how likely the second ref-
erence node is to be connected to the nodes that repre-
sent pixels, and a connection cost thatindicates how like-
ly the plurality of nodes that represent the plurality of pix-
els are to be connected to each other, are set based on
the second evaluation value.

[0022] For example, in the image processing device
according to one embodiment of the present invention,
it is preferred that the connection cost be set such that it
becomes more difficult for the nodes respectively corre-
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sponding to the two adjacent pixels to be connected to
each other as the likelihood that the two adjacent pixels
represent the contour becomes higher based on the sec-
ond evaluation value.

[0023] Further, inthe image processing device accord-
ing to one embodiment of the present invention, it is pre-
ferred that the connection cost be set based on the set
long diameter such that the node located within a given
range from the set long diameter becomes more likely to
be connected to the first reference node. Note that, the
above-mentioned given range can be set to an arbitrary
range exhibiting a high probability of belonging to the
specific region, and it is preferred that the given range
be a range within which the distance from the long diam-
eter is small. For example, it is preferred that the con-
nection cost of afirstnode, which is a node corresponding
to the pixel located on the long diameter, be set such that
the first node becomes more likely to be connected to
the first reference node.

[0024] Further, inthe image processing device accord-
ing to one embodiment of the present invention, it is pre-
ferred that the connection cost be set based on the set
long diameter such that the node corresponding to the
pixel located outside both ends of the set long diameter
in a direction in which the set long diameter extends be-
comes more likely to be connected to the second refer-
ence node. Note that, the direction in the phrase "in a
direction in which the setlong diameter extends" referred
to here does not need to be strictly the same as the di-
rection in which the long diameter extends, and can be
setas adirection having aninclination of equal to or small-
er than, for example, 30 degrees from the long diameter.
For example, it is preferred that the connection cost be
set such that a second node, which is a node correspond-
ing to the pixel located outside both ends of the diameter
on an extension of the long diameter becomes more likely
to be connected to the second reference node.

[0025] Further, to "set" the connection cost of connect-
ing the nodes to each other "such that the nodes are
more likely to be connected" means that the connection
costis set to be relatively high in the case where an eval-
uation function used by the specific region extracting unit
is a type that gives a higher evaluation for the likelihood
of connection as the connection cost becomes higher,
and means that the connection cost is set to be relatively
low in the case where the evaluation function used by
the specific region extracting unit is a type that gives a
lower evaluation for the likelihood of connection as the
connection cost becomes higher. Further, to "set" the
connection cost "such that the nodes are less likely to be
connected" means that the connection cost is set to be
relatively low in the case where the evaluation function
used by the specific region extracting unit is a type that
gives a higher evaluation for the likelihood of connection
as the connection cost becomes higher, and means that
the connection cost is set to be relatively high in the case
where the evaluation function used by the specific region
extracting unit is a type that gives a lower evaluation for
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the likelihood of connection as the connection cost be-
comes higher.

[0026] According to the image processing device,
method, and program of the present invention, the first
region estimated as highly probable to be the specific
region and the second region estimated as highly prob-
able to be the region other than the specific region are
setwithin the inputimage, based on the setlong diameter
ofthe specific region. The density histogram of each pixel
in the set first region and the density histogram of each
pixel in the second region are calculated. The first eval-
uation value which indicates the likelihood that the den-
sity value represents the specific region is calculated for
each density value, based on these density histograms.
For each pixel within the input image, the second evalu-
ation value which indicates the likelihood of being the
contour is calculated, which is the likelihood that the two
adjacent pixels represent the contour, based on the first
evaluation values respectively corresponding to the den-
sity values of the two adjacent pixels. The first reference
node belonging to the specific region, the second refer-
ence node belonging to the background region, and the
plurality of nodes representing the respective pixels with-
in the input image are defined. The connection cost in-
dicating how likely the respective nodes are to be con-
nected to each other is set based on the second evalu-
ation value, and the plurality of nodes are connected to
each other based on the connection cost. The specific
region is thus extracted. Accordingly, it is possible to ex-
tract the specific region with high precision by effectively
using the information for identifying the long diameter of
the specific region.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG. 1is an electrical schematic block diagram of an
image processing device according to an embodi-
ment of the present invention.

FIG. 2 is a diagram illustrating an example of a long
diameter which is set in a specific region according
to the embodiment of the present invention.

FIG. 3 is a diagram illustrating an example of a first
region and a second region which are set based on
the long diameter of FIG. 2.

FIG. 4A is a graph showing an example of a first
histogram according to the embodiment of the
present invention.

FIG. 4B is a graph showing an example of a second
histogram according to the embodiment of the
present invention.

FIG. 4C is a graph showing logarithmic values (an
example of a first evaluation value) of the ratio of
frequencies in the first histogram of FIG. 4A to fre-
quencies in the second histogram of FIG. 4B.

FIG. 4D is a graph showing differences (another ex-
ample of the first evaluation value) between frequen-
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cies in the first histogram of FIG. 4A and frequencies
in the second histogram of FIG. 4B.

FIG. 5 is a diagram illustrating specific region ex-
tracting processing according to the embodiment of
the present invention.

FIG. 6 is a flow chart illustrating an operation of the
image processing device according to the embodi-
ment of the present invention.

FIG. 7 is an image showing an example of a tumor
extracted by the image processing device according
to the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0028] An image processing device, an image
processing program, and an image processing method
according to embodiments of the present invention will
be described in detail below with reference to the draw-
ings. The present invention can be applied to various
fields in which processing for extracting a specific region
within an input image is executed, but the description is
made here by taking an example in which the present
invention is applied to extraction of an abnormal shadow
region during diagnostic imaging in the medical field.
[0029] FIG. 1 illustrates a schematic configuration of
an image processing device realized by installing the im-
age processing program on a workstation used by a doc-
tor. An image processing device 1 includes a processor
and a memory (both not shown) as the configuration of
a standard workstation, and further includes a storage 2
such as a hard disk drive (HDD). Further, the image
processing device 1 is connected to a display 3 and an
input device 4 such as a mouse and a keyboard.
[0030] The image processing program and data to be
referred to by the image processing program are stored
in the storage 2 at a time of installation, and loaded into
the memory at a time of booting. As processing to be
executed by a CPU, the image processing program spec-
ifies image acquisition processing, long diameter setting
processing, region setting processing, evaluation
processing, specific region extracting processing, and
display control processing.

[0031] Then, the CPU executes the respective pieces
of processing described above in accordance with the
specifications of the program, to thereby cause a general-
purpose workstation to function as an image acquiring
unit 11, a long diameter setting unit 12, a region setting
unit 13, an evaluation unit 14, a specific region extracting
unit 15, and a display control unit 16, which will be de-
scribed later.

[0032] The image acquiring unit 11 acquires an input
image | from the storage 2 into the memory. The storage
2 stores volume data transferred from an examination
department in charge of imaging or acquired through a
database search. In this embodiment, in an examination
of a given patient, volume data V formed of a plurality of
sliced images acquired by subjecting the patient’s abdo-
men to a CT scan is transferred from the examination
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department, and stored in the storage 2. In this embod-
iment, the image acquiring unit 11 acquires each individ-
ual sliced image contained in the volume data V as an
inputimage |. Then, each sliced image is individually sub-
jected to image processing by the image processing de-
vice.

[0033] When it is detected that a long diameter input
function has been selected in a given selection menu
according to the above-mentioned image processing
program, the long diameter setting unit 12 prompts a user
to select or input information necessary to specify a long
diameter. When the positions of both ends of a long di-
ameter L are identified by the user’s operation of the input
device 4, the image acquiring unit 11 acquires the coor-
dinates of the positions of both ends of the long diameter
L into the memory as information for identifying the long
diameter L of a specific region RA. FIG. 2 is a diagram
illustrating an example in which the long diameter L is
set in the specific region RA within the input image I.
[0034] Note that, without being limited to the above-
mentioned method, the long diameter setting unit 12 may
use information for identifying the long diameter L ac-
quired by an arbitrary method that automatically meas-
ures the long diameter L.

[0035] The region setting unit 13 sets, in the input im-
age |, based on the set long diameter L, a first region R1,
which is estimated as highly probable to be the specific
region RA, and a second region R2, which is estimated
as highly probable to be a background region RB. The
background region RB is a region in the input image |
other than the specific region RA. FIG. 3 is a diagram
illustrating an example in which the first region R1 and
the second region R2 are set based on the long diameter
L of FIG. 2.

[0036] The first region R1 is a region that is estimated
as highly probable to be the specific region RA The ab-
normal shadow region, which is a specific region RA in
the inputimage |, is likely to be a region centered around
the midpoint of the long diameter L, and a region in the
vicinity of the long diameter L is therefore estimated as
likely to be the specific region RA. Accordingly, a given
size of elliptical region containing the vicinity of the long
diameter L is set as the firstregion R1 in this embodiment
as illustrated in FIG. 3. The minor axis of the elliptical
region is set to a value that is obtained by multiplying the
long diameter L by a given ratio. This is because a region
that is highly probable to be the specific region RA can
be setas thefirstregion R1 easily and favorably by setting
a region that is contained in the given size of elliptical
region containing the vicinity of the long diameter L1 as
the first region R1.

[0037] Note that, the first region R1 is set in this case
as an elliptical region whose long diameter itself is the
entirety of the set long diameter, but, for example, a par-
tial region of the above-mentioned elliptical region may
be set as the first region R1.

[0038] The first region R1 can be a region of any size
and shape, and can be located at any position, as long
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as it is a region that is estimated as highly probable to
be the specific region RA based on the long diameter L.
It is preferred for the first region R1 to be shaped such
thatthe vicinity of the long diameter L is contained therein
and such that there is less chance of containing the back-
ground region RB therein. Any estimation method by
which the probability of being the specific region RA can
be determined is applicable. Further, the "first region"
may be a single region or may include a plurality of re-
gions.

[0039] The second region R2 is a region that is esti-
mated as highly probable to be the background region
RB. Because the abnormal shadow region, which is the
specific region RA in the input image, is likely to be a
region centered around the midpoint of the long diameter
L as described above and the long diameter L can be
regarded as representing the maximum diameter of the
specific region RA in the direction in which the long di-
ameter extends, it is estimated that the specific region
RA is not found outside the long diameter L, or that, out-
side the long diameter L, the proportion of regions that
are contained in the background region RB is relatively
larger than the proportion of regions that are contained
in the specific region RA.

[0040] Therefore, by setting the second region R2 as
the region of a given shape which is located outside a
circle C1 whose diameter is the set long diameter L, the
information on the long diameter L can be used to set
the second region R2 as the region that is highly probable
to be the background region RB with ease in a preferred
manner. Note that, the region of the given shape can be
set as a region having an arbitrary shape as long as the
region has a given area that allows the region to be lo-
cated outside the circle C1. For example, the region may
be set as a polygonal shape such as a rectangle located
outside the circle C 1.

[0041] In this embodiment, a ring-shaped region that
stretches outside the circle C1 whose diameter is the set
long diameter is set as the second region R2 as illustrated
in FIG. 3. Thering-shaped region that is set as the second
region R2 in this embodiment is between the circle C1
whose diameter is the set long diameter L and a circle
C2 whose diameter is longer than the long diameter L.
The center of the circle C2 is set so as to coincide with
the center of the circle C1, and the length of the diameter
of the circle C2 is set to a length that is obtained by mul-
tiplying the length of the set long diameter L by a given
ratio, which is greater than 1.

[0042] The second region R2 can be a region of any
size and shape, and can be located at any position, as
long as it is a region that is estimated as highly probable
to be a region other than the specific region based on
the long diameter L. Any estimation method by which the
probability of being the region other than the specific re-
gion RA can be determined is applicable. The second
region R2 may be a single region or may include a plu-
rality of regions.

[0043] In addition, the evaluation unit 14 calculates a
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firsthistogram, which is a density histogram of the density
value of each pixel in the first region R1, and a second
histogram, which is a density histogram of the density
value of each pixel in the second region R2, and calcu-
lates a first evaluation value which indicates a likelihood
that the density value represents the specific region RA
for each density value based on the first histogram and
the second histogram.

[0044] FIG. 4A is a graph showing an example of the
first histogram in this embodiment. FIG. 4B is a graph
showing an example of the second histogram in this em-
bodiment. FIG. 4C is a graph showing an example of the
first evaluation value in this embodiment.

[0045] The first histogram is a density histogram that
is calculated by using only density values in aregion high-
ly probable to be the specific region (the first region R1).
The frequency of a density value in the first histogram is
therefore considered as indicative of the likelihood of that
density value representing the specific region RA. In oth-
er words, it is considered that a higher frequency in the
first histogram corresponds to a density value that has a
higher likelihood of representing the specific region.
[0046] The frequency shown in the second histogram
is a density histogram that is calculated by using only
density values in a region highly probable to be the back-
ground region (the second region R2). The frequency of
a density value in the second histogram is therefore con-
sidered as indicative of the likelihood of that density value
representing the background region RB. In other words,
it is considered that a higher frequency in the second
histogram corresponds to a density value that has a high-
er likelihood of representing the background region RB.
It is also considered that, when the likelihood of repre-
senting the background region RB increases in propor-
tion to the frequency in the second histogram, the likeli-
hood of representing the specific region decreases ac-
cordingly.

[0047] Itis preferred for the first histogram and the sec-
ond histogram to be normalized such that the scales of
the histograms’ vertical axes match each other and such
that the scales of the histograms’ horizontal axes match
each other. This is because the first evaluation value
which will be described later is calculated by comparing
the first histogram and the second histogram with each
other. The first histogram and the second histogram here
are normalized such that the range of density values
shown in the first histogram and the range of density val-
ues shown in the second histogram match. Specifically,
the density value ranges of the two histograms are ad-
justed appropriately such that the total number of pixels
used in the calculation of the first histogram matches the
total number of pixels used in the calculation of the sec-
ond histogram.

[0048] The first evaluation value represents a likeli-
hood that each density value represents the specific re-
gion RA based on the first histogram and the second
histogram. The evaluation unit 14 of this embodiment
calculates, for each same density value range, a loga-
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rithmic value of the ratio of a frequency value in the first
histogram to a frequency value in the second histogram,
and uses the calculated logarithmic value as thefirst eval-
uation value. The first evaluation value is the ratio of the
likelihood of being the specific region to the likelihood of
being the background region RB, and is accordingly con-
sidered as an indicator that indicates, for each density
value, the likelihood of the density value favorably rep-
resenting the specific region. For example, at a first eval-
uation value of 1 or more, where the likelihood of repre-
senting the specific region RA is relatively higher than
the likelihood of representing the background region, the
likelihood of representing the specific region is evaluated
as high, and it is evaluated that a larger first evaluation
value indicates a higher likelihood of representing the
specific region RA.

[0049] The first evaluation value is not limited to the
mode described above, and can be any value defined by
an arbitrary method based on the first histogram and the
second histogram as long as the defined value indicates,
for each density value, the likelihood of the density value
representing a specific region, For example, the evalua-
tion unit 14 may calculate, for each same density value
range, a logarithmic value of the ratio of a frequency value
in the second histogram to a frequency value in the first
histogram to use the calculated logarithmic value as the
first evaluation value. The first evaluation value in this
case is the ratio of the likelihood of being the background
region RB to the likelihood of being the specific region.
Therefore, at a first evaluation value of 1 or less, for ex-
ample, the likelihood of representing the specific region
is evaluated as high, and it is considered that a larger
first evaluation value indicates a lower likelihood of rep-
resenting the specific region RA.

[0050] In this manner of calculating the first evaluation
value with the use of the first histogram and the second
histogram such that each density value represents the
likelihood of being the specific region, where the first val-
ue thatis an evaluation value about the likelihood of being
a specific region is calculated based on both the likeli-
hood of being the background region RB and the likeli-
hood of being the specific region, the first evaluation val-
ue indicates the likelihood of being the specific region
with high precision.

[0051] Further, assuming that the first evaluation value
represents the logarithmic value of the ratio of the fre-
quency value in the second histogram to the frequency
value in the first histogram for each density value, the
first evaluation value can be calculated with ease. Fur-
ther, assuming that the first evaluation value represents
a difference between the frequency value in the first his-
togram and the frequency value in the second histogram
for each density value, the same effect is produced.
[0052] FIG. 4D is a graph showing another example of
the first evaluation value according to this embodiment.
As shown in FIG. 4D, for example, the first evaluation
value may be assumed to represent the difference be-
tween the frequency value in the first histogram and the
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frequency value in the second histogram for each density
value. The frequency of a density value in the second
histogram, which indicates the likelihood of the density
value representing the background region RB as de-
scribed above, can therefore be considered also as in-
dicative of the likelihood of the density value not repre-
senting the specific region. A difference between a fre-
quency value in the first histogram and a frequency value
in the second histogram accordingly indicates a differ-
ence between the likelihood of representing the specific
region and the likelihood of not representing the specific
region, and the first evaluation value that is calculated
as this difference indicates the likelihood of representing
the specific region as well. It is evaluated that a larger
firstevaluation value indicates a higher likelihood of being
a specific region also when the first evaluation value is
a value obtained by subtracting a frequency value in the
second histogram from a frequency value in the first his-
togram as shown in FIG. 4D.

[0053] The evaluation unit 14 calculates, for each pair
of two adjacent pixels in the input image, a second eval-
uation value that indicates the likelihood of two adjacent
pixels representing a contour, by acquiring the first eval-
uation value of each of the two adjacent pixels based on
the density values of the two pixels, and calculating the
second evaluation value based on the respective ob-
tained first evaluation values of the two adjacent pixels.
[0054] The likelihood of two adjacent pixels represent-
ing a contour can be phrased as the likelihood of two
adjacent pixels belonging to two different regions (the
specific region RA and the background region RB). It is
estimated that a pixel located in the specific region RA
and a pixel located in the background region RB are likely
to differ from each other in first evaluation value, which
indicates the likelihood of being the specific region. Con-
sequently, it is considered that the difference between
the respective first evaluation values of two adjacent pix-
els is larger when one of the two adjacent pixels belongs
to the specific region RA and the other pixel belongs to
the background region RB, than when the two adjacent
pixels both belong to the specific region RA (or the back-
ground region RB). Based on this, in this embodiment,
the absolute value of a difference between the first eval-
uation value of a pixel in the input image | and the first
evaluation value of an adjacent pixel which is adjacent
to the former pixel is calculated as the second evaluation
value, and it is evaluated that a larger second evaluation
value indicates a higher likelihood of the two adjacent
pixels representing a contour.

[0055] The second evaluation value is not limited to
the mode described above, and can be any value defined
by an arbitrary method based on the respective first eval-
uation values of two adjacent pixels, as long as the de-
fined value indicates, for each pair of two adjacent pixels
in an input image, the likelihood of the pair of pixels rep-
resenting a contour (the likelihood of being the contour).
[0056] As described above, the evaluation unit 14 can
calculate the second evaluation value which indicates
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the likelihood of being the contour with ease in a preferred
manner in the case of calculating the second evaluation
value based on the first evaluation value which indicates
the likelihood of being the specific region for each pixel
within the input image such that the second evaluation
value which indicates the likelihood of being the contour
becomes larger as the difference between the likelihoods
of being the specific region of a pair of the adjacent pixels
(the difference between the first evaluation values) be-
comes higher for each pair of two adjacent pixels within
the input image I. In contrast, in a case where, for exam-
ple, the likelihood of being the contour is defined such
that the likelihood of being the contour becomes higher
as the difference between the density values of the two
adjacent pixels becomes larger based on only the infor-
mation on the difference between the density values of
the two adjacent pixels, it is difficult to accurately discrim-
inate the contour of the image | in which the density value
fluctuates in the specific region RA or the background
region RB as in the input image | shown in, for example,
FIG. 7.

[0057] The specific region extracting unit 15 then de-
fines a first reference node S that belongs to the specific
region RA, a second reference node T that belongs to
the specific region RB, and a plurality of nodes Nj; re-
spectively representing pixels in the input image |. The
specific region extracting unit 15 sets a connection cost,
which indicates how likely the respective nodes are to be
connectedto each other, based on the second evaluation
value, and connects the plurality of nodes to each other
based on the connection cost, to thereby extract the spe-
cific region RA.

[0058] The specific region extracting unit 15 in this em-
bodiment defines the input image | as a graph that in-
cludes, as illustrated in FIG. 5, the first reference node
S (node S) belonging to the specific region RA, the sec-
ond reference node T (node T) belonging to the back-
ground region RB, the plurality of nodes N; respectively
representing pixels in the input image |, and edges each
connecting the plurality of nodes to each other. The spe-
cific region extracting unit 15 sets the connection cost
based on the second evaluation value such that a higher
likelihood of two adjacent pixels representing a contour
equals a lower likelihood of connecting a node that cor-
responds to one of the two pixels to a node that corre-
sponds to the adjacent pixel, and extracts the specific
region RA from the graph by the graph cut technique,
based on the connection cost. The intervals between
nodes and the count of nodes in the graph of FIG. 5 are
simplified for the sake of description. Details of the graph
cut technique can be found in Patent Literature 1 as well.
[0059] When the entire region of the input image | is
set as a determination region D, the specific region ex-
tracting unit 15 first creates a graph that includes, as il-
lustrated in FIG. 5, the nodes Nij each representing a
pixel in the determination region D, the nodes Sand T
which indicate labels that the pixels can have, n-links
which are edges connecting nodes of adjacent pixels to
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each other, and t-links which are edges that connect the
nodes Nij each representing a pixel to the node S repre-
senting the specific region, or to the node T representing
the background region RB.

[0060] The n-links indicate the likelihood of adjacent
pixels being pixels of the same region by the size of the
connection cost (the thickness of the edges in FIG. 5).
The connection cost of each n-link here is set, based on
the second evaluation value, such that a higher likelihood
of two adjacent pixels representing a contour equals a
lower likelihood of connecting nodes that correspond to
the two adjacent pixels to each other (equaling a thinner
edge). This connection cost of the n-link may further be
weighted based on the distance between the adjacent
pixels, a difference in density value between the adjacent
pixels, or the like. The thickness of the edge between
nodes here indicates the size of the connection cost, and
higher connection costs are set to thicker edges.
[0061] The t-links that connect the nodes Nij each rep-
resenting a pixel to the node S representing the specific
region RA indicate, for each pixel, the likelihood of the
pixel being contained in the specific region RA. The t-
links that connect the nodes Nij each representing a pixel
to the node T representing the background region RB
indicate, for each pixel, the likelihood of the pixel being
contained in the background region RB.

[0062] In this embodiment, when a pixel in question
can be determined as one belonging to the specificregion
RA by utilizing the information that identifies the set long
diameter L1, the connection cost of the relevant t-link is
set such that a node corresponding to the pixel is more
likely to be connected to the node S representing the
specific region RA (such that a thick edge connects a
node corresponding to the pixel to the node S represent-
ing the specific region RA). When a pixel in question can
be determined as one belonging to the background re-
gion RB, the connection cost of the relevant t-link is set
such that a node corresponding to the pixel is more likely
to be connected to the node T representing the back-
ground region RB (such that a thick edge connects a
node corresponding to the pixel to the node T represent-
ing the background region RB).

[0063] Specifically, the connection cost of each t-link
is set based on the following four conditions (1) to (4).

(1) For nodes corresponding to pixels that are locat-
ed along the long diameter L (first nodes), the con-
nection costis set such that the nodes are more likely
to be connected to the node S, because these pixels
are likely to belong to the specific region RA.

(2) For nodes corresponding to pixels that are locat-
ed along an extended line of the long diameter L and
outside the ends of the long diameter L (second
nodes which are nodes located along a broken line
L1inFIG. 5), the connection cost is set such that the
nodes are more likely to be connected to the node
T, because these pixels are likely to belong to the
background region RB.
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(3) For nodes corresponding to pixels that are locat-
ed on an outer contour of the second region R2 in
the inputimage (third nodes which are nodes located
on the circumference of the circle C2 in FIG. 5), the
connection cost is set such that the nodes are more
likely to be connected to the node T, because these
pixels are likely to belong to the background region
RB (a region other than the specific region).

(4) For nodes that are none of the first to third nodes
out of the nodes constituting the graph that repre-
sents the input image |, the connection cost is set
such that the nodes are less likely to be connected
to either the node S or the node T.

[0064] Inthe example of FIG. 5, nodes N33, N34, N35,
and N36 qualify as the first nodes, and are connected to
the node S based on Condition (1). Nodes N31, N32,
N37, and N38 qualify as the second nodes, and are con-
nected to the node T based on Condition (2). Nodes N13,
N15, N21, N48, N54, and N56 qualify as the third nodes,
and are connected to the node T based on Condition (3).
Nodes in FIG. 5 that qualify as none of the first to third
nodes are set so as not to be connected to either the
node S or the node T (such that the connection cost is 0).
[0065] Itis estimatedthatthe specificregion RA s likely
to stretch outward from the long diameter L as its center.
Accordingly, when nodes located along the long diameter
L (the first nodes) are determined as likely to belong to
the specific region RA and the connection costis set such
that the first nodes are more likely to be connected to the
node S as in Condition (1), the specific region RA can be
extracted with precision from a graph that represents an
input image by favorably utilizing the information that
identifies the set long diameter L.

[0066] Instead of Condition (1), the connection cost
may be determined by an arbitrary method based on the
set long diameter L such that nodes within a given range
from the long diameter L are more likely to be connected
to the node S. The given range can be set to an arbitrary
range where the likelihood of belonging to the specific
region is high, and a range that is a short distance from
the long diameter is preferred as the given range.
[0067] ThelongdiameterL is deemed as the maximum
diameter of the specific region RA in a direction in which
the long diameter extends, and it is therefore considered
that the specific region RA is less likely to be outside the
ends of the long diameter L in the direction in which the
long diameter L extends. Accordingly, the specific region
RA can be extracted with precision from a graph that
represents an input image by favorably utilizing the in-
formation that identifies the setlong diameter L also when
nodes located along an extended line of the long diameter
L and outside the ends of the long diameter L (the second
nodes) are determined as likely to belong to the back-
ground region RB and the connection cost is set such
that the second nodes are more likely to be connected
to the node T as in Condition (2).

[0068] Instead of Condition (2), the connection cost
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may be set by an arbitrary method based on the set long
diameter L such that nodes corresponding to pixels that
are located outside the ends of the long diameter L in the
direction in which the long diameter L extends are more
likely to be connected to the node T.

[0069] Nodes located in a region that is sufficiently far
from the set long diameter L are likely to belong to the
background region RB. Accordingly, when nodes located
along the outer contour of the second region R2, which
is a region highly probable to be the background region
RB, (the third nodes) are determined as likely to belong
to the background region RB and the connection cost is
set such that the third nodes are more likely to be con-
nected to the node T as in Condition (3), the specific
region RA can be extracted with precision from a graph
that represents an input image by favorably utilizing the
information that identifies the set long diameter L, be-
cause the third nodes are located sufficiently far from the
long diameter L.

[0070] Instead of Condition (3), the connection cost
may be determined by an arbitrary method based on the
set long diameter L such that nodes that are at a given
distance or more from the long diameter L are more likely
to be connected to the node T. The given distance can
be set to an arbitrary range where the likelihood of be-
longing to the background region RB is high, and a range
that is a great distance from the long diameter L is pre-
ferred as the given distance.

[0071] The connection costs of the t-links are not lim-
ited to the mode described in this embodiment, and can
be set by any method as long as the connection costs of
the t-links are set such that the specific region RA and
the background region RB can be separated from each
other. Some or all of the connection cost settings based
on Conditions (1) to (4) may therefore be omitted, or re-
placed by other methods, as long as the set connection
costs of the t-links ensure that the specific region RA and
the background region RB can be separated from each
other.

[0072] In the case where information about which of
the specific region RA and the background region RB a
pixelin question represents is already given, the connec-
tion cost settings of the t-links described above can be
set by any method based on the given information. In the
case where the information is not given, the connection
cost may be calculated based on statistical characteris-
tics of density values in one or more pixels for which
whether the pixel represents the specific region RA or
the background region RB is known.

[0073] The specific region extracting unit 15 executes
region segmentation by minimizing an evaluation func-
tion F, which indicates the sum of the connection costs
ofthe t-links and the n-links in the graph described above,
with the use of a known method that is applicable to the
graph cut technique such as maximum flow-minimum
cut. Consequently, appropriate links out of all t-links and
n-links are cut as indicated by the dotted line in FIG. 5 to
separate the node S fromthe node T, and the inputimage
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is divided into the specific region RA and the background
region RB.

[0074] The display control unit 16 is for instructing to
display on the display the input images |, various images
created in the process of the image processing described
above, the extracted specific region RA, and others suit-
ably as the need arises, for example, in response to a
user’s instruction or a request made by a program.
[0075] FIG. 6 is a flow chart illustrating a flow of
processing executed by the image processing device 1
according to this embodiment. With reference to FIG. 6,
the processing of the image processing device 1 accord-
ing to this embodiment is described step by step in order
below.

[0076] First, the image acquiring unit 11 acquires the
input image | from the storage 2 (S01). Subsequently,
the long diameter setting unit 12 sets the long diameter
L by receiving information for identifying the long diam-
eter input by the user’s operation (S02). Based on the
set long diameter L, the region setting unit 13 sets the
first region R1, which is an elliptical region having the
long diameter L as its major axis, and the second region
R2, which is a ring-shaped region between the circle C1
having the long diameter L as its diameter and the circle
C2 (S03).

[0077] Next, the evaluation unit 14 creates the first his-
togram based on the respective density values of pixels
inthe firstregion R1, creates the second histogram based
on the respective density values of pixels in the second
region R2, and normalizes the first histogram and the
second histogram (S04). The evaluation unit 14 calcu-
lates, for each density value, a logarithmic value of the
ratio of a frequency value in the first histogram to a fre-
quency value in the second histogram, as the first eval-
uation value which indicates the likelihood of the density
value representing the specific region RA (S05). The
evaluation unit 14 further calculates, for each pair of two
adjacent pixels in the input image |, the absolute value
of a difference between the respective first evaluation
values of the two adjacent pixels, as the second evalu-
ation value which indicates the likelihood of representing
a contour (S06).

[0078] The specific region extracting unit 15 next de-
fines the input image | as a graph that includes the first
reference node S belonging to the specific region RA,
the second reference node T belonging to the back-
ground region RA, a plurality of nodes each representing
a pixel in the input image |, and edges each connecting
the plurality of nodes to each other. Based on the second
evaluation value, the connection cost of each n-link is set
such that connecting nodes that correspond to two ad-
jacent pixels to each other is less likely as the likelihood
of the two adjacent pixels representing a contour be-
comes higher. The connection cost of each t-link is also
set, based on the set long diameter L, such that the first
nodes that are estimated as belonging to the specific
region RA are connected to the node S that represents
the specific region RA, and such that the second nodes
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and third nodes that are estimated as belonging to the
background region RB are connected to the node T that
represents the background region RB. The specific re-
gion extracting unit 15 then divides the graph by mini-
mizing the evaluation function F based on the connection
costs, and thus extracts the specific region RA from the
input image | (S07).

[0079] The display control unit 16 displays the extract-
ed specific region RA on the display (S08), and the
processing is ended. An example of the specific region
RA that is extracted by region segmentation in the man-
ner described above is shown in FIG. 7.

[0080] With the image processing device 1 according
to this embodiment described above, the information for
identifying the long diameter L of the specific region RA
is effectively used to suitably set the first region R1 and
the second region R2, calculate the first evaluation value
based on the density histograms of the pixels in the first
region R1 and the second region R2, calculate the sec-
ond evaluation value which indicates the likelihood that
the two adjacent pixels represent the contour based on
the first evaluation value, and extract the specific region
based on the second evaluation value, and hence the
specific region can be extracted with high precision even
when there is no information such as a machine learning
resultin regard to the shape or size of the specific region.
[0081] Further, when the long diameter setting unit 12
sets the long diameter L based on the user’s input as
described above, the user’s judgment as to the input im-
age can be used, and hence the long diameter L can be
set more accurately.

[0082] Further, the region setting unit 13 sets the first
region R1 as the ellipse whose long diameter is the long
diameter L and the second region R2 as the region rang-
ing outside the circle C1 whose diameter is the long di-
ameter L based on the determination that the specific
region RA covers a region with a middle point of the long
diameter L as its center and that the long diameter L has
a length corresponding to the maximum diameter of the
specific region RA in a direction in which the long diam-
eter L extends, and hence the evaluation unit 14 can use
the information on the long diameter L in a preferred man-
ner to calculate the first evaluation value which indicates
the likelihood of being the specific region with higher pre-
cision and to accurately calculate the second evaluation
value which indicates the likelihood of being the contour
based on the first evaluation value.

[0083] Then, the specific region extracting unit 15 de-
fines the first reference node S belonging to the specific
region RA, the second reference node T belonging to the
background region RA, and the plurality of nodes respec-
tively representing the pixels ofthe inputimage I. By using
the second evaluation value, the specific region extract-
ing unit 15 sets the connection cost such that the nodes
representing the two adjacent pixels become less likely
to be connected to each other as the likelihood that the
two adjacent pixels indicate the contour becomes higher.
By connecting the plurality of nodes to each other based

10

15

20

25

30

35

45

50

55

1"

on the connection cost, it becomes easy to suitably sep-
arate the specific region RA from the background region
RB between the two pixels having a large likelihood of
being the contour with high precision, to thereby extract
the specific region RA with high precision.

[0084] Further, in the above-mentioned embodiment,
the specific region extracting unit 15 discriminates the
node corresponding to the pixel that is highly likely to
belong to the specific region RA and the node corre-
sponding to the pixel that is highly likely to belong to the
background region RB as the first to third nodes in a
preferred manner, and connects the respective nodes
such that the discriminated first to third nodes are more
likely to be connected to the first reference node repre-
senting the specific region RA or the second reference
node representing the background region RB appropri-
ately, which allows the specific region to be extracted
with higher precision by using the information on the long
diameter L in a preferred manner.

[0085] Each embodiment described above is merely
an example, and the descriptions given above are not to
be used to interpret the technical scope of the present
invention in a limited manner.

[0086] Thetechnical scope ofthe presentinvention en-
compasses various modifications that are made, without
departing from the spirit of the present invention, to the
system configuration, hardware configuration, process-
ing flows, module configurations, userinterface, process-
ing specifics, and the like of the embodiment described
above.

[0087] The image processing device 1 may distribute
the functions of the units described above among a plu-
rality of computers. Any known devices can be employed
as the input device, display, and other constituent devic-
es of the system.

Claims
1. Animage processing device, comprising:

a long diameter setting unit for setting a long
diameter of a specific region within an input im-
age containing the specific region;

a region setting unit for setting, based on the set
long diameter, a first region estimated as highly
probable to be the specific region within the input
image and a second region estimated as highly
probable to be a background region, which is a
region other than the specific region within the
input image;

an evaluation unit for calculating a first histo-
gram, which is a density histogram of a density
value of each pixel in the first region, and a sec-
ond histogram, which is a density histogram of
a density value of each pixel in the second re-
gion, calculating, for each density value, a first
evaluation value which indicates a likelihood
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that the each density value represents the spe-
cific region based on the first histogram and the
second histogram, and calculating, for each pair
of two adjacent pixels within the input image, a
second evaluation value which indicates a like-
lihood of being a contour, which is a likelihood
that the two adjacent pixels represent the con-
tour, based on the first evaluation values respec-
tively corresponding to the density values of the
two adjacent pixels; and

a specific region extracting unit for extracting the
specific region by defining a first reference node
belonging to the specific region, a second refer-
ence node belonging to the background region,
and a plurality of nodes representing respective
pixels within the input image, setting a connec-
tion cost indicating how likely the respective
nodes are to be connected to each other based
on the second evaluation value, and connecting
the respective nodes to each other based on the
set connection cost.

An image processing device according to claim 1,
wherein the first evaluation value represents a log-
arithmic value of a ratio of a frequency value in the
first histogram to a frequency value in the second
histogram.

An image processing device according to claim 1,
wherein the first evaluation value represents a dif-
ference between a frequency value in the first histo-
gram and afrequency value in the second histogram.

An image processing device according to any one
of claims 1 to 3, wherein the second evaluation value
is calculated for each pixel within the input image
such that the likelihood of being the contourbecomes
higher as a difference between the first evaluation
values of the two adjacent pixels becomes larger.

An image processing device according to any one
of claims 1 to 4, wherein the connection cost is set
based on the second evaluation value such that the
nodes corresponding to the two adjacent pixels be-
come less likely to be connected to each other as
the likelihood that the two adjacent pixels represent
the contour becomes higher.

An image processing device according to any one
of claims 1 to 5, wherein the connection cost is set
based on the set long diameter such that the node
located within a given range from the set long diam-
eter becomes more likely to be connected to the first
reference node.

An image processing device according to any one
of claims 1 to 6, wherein the connection cost is set
based on the set long diameter such that the node
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corresponding to the pixel located outside both ends
of the set long diameter in a direction in which the
set long diameter extends becomes more likely to
be connected to the second reference node.

An image processing device according to any one
of claims 1 to 7, wherein the first region comprises
a region contained in an elliptical region whose long
diameter is the set long diameter.

An image processing device according to any one
of claims 1 to 8, wherein the second region compris-
es a region of a given shape that is located outside
a circle whose diameter is the set long diameter.

An image processing method for an image process-
ing device, comprising:

a long diameter setting step of setting a long
diameter of a specific region within an input im-
age containing the specific region;

a region setting step of setting, based on the set
long diameter, a first region estimated as highly
probable to be the specific region within the input
image and a second region estimated as highly
probable to be a region other than the specific
region within the input image;

an evaluation step of calculating a first histo-
gram, which is a density histogram of a density
value of each pixel in the first region, and a sec-
ond histogram, which is a density histogram of
a density value of each pixel in the second re-
gion, calculating, for each density value, a first
evaluation value which indicates a likelihood
that the each density value represents the spe-
cific region based on the first histogram and the
second histogram, and calculating, for each pair
of two adjacent pixels within the input image, a
second evaluation value which indicates a like-
lihood of being a contour, which is a likelihood
that the two adjacent pixels represent the con-
tour, based on the first evaluation values respec-
tively corresponding to the density values of the
two adjacent pixels; and

a specific region extracting step of extracting the
specific region by defining a first reference node
belonging to the specific region, a second refer-
ence node belonging to the background region,
and a plurality of nodes representing respective
pixels within the input image, setting a connec-
tion cost indicating how likely the respective
nodes are to be connected to each other based
on the second evaluation value, and connecting
the plurality of nodes to each other based on the
set connection cost.

An image processing program for causing a compu-
ter to execute:
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a long diameter setting step of setting a long
diameter of a specific region within an input im-
age containing the specific region;

aregion setting step of setting, based on the set
long diameter, a first region estimated as highly
probable to be the specific region within the input
image and a second region estimated as highly
probable to be a region other than the specific
region within the input image;

an evaluation step of calculating a first histo-
gram, which is a density histogram of a density
value of each pixel in the first region, and a sec-
ond histogram, which is a density histogram of
a density value of each pixel in the second re-
gion, calculating, for each density value, a first
evaluation value which indicates a likelihood
that the each density value represents the spe-
cific region based on the first histogram and the
second histogram, and calculating, for each pair
of two adjacent pixels within the input image, a
second evaluation value which indicates a like-
lihood of being a contour, which is a likelihood
that the two adjacent pixels represent the con-
tour, based on the first evaluation values respec-
tively corresponding to the density values of the
two adjacent pixels; and

a specific region extracting step of extracting the
specific region by defining a first reference node
belonging to the specific region, a second refer-
ence node belonging to the background region,
and a plurality of nodes representing respective
pixels within the input image, setting a connec-
tion cost indicating how likely the respective
nodes are to be connected to each other based
on the second evaluation value, and connecting
the plurality of nodes to each other based on the
set connection cost.
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